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03 Decoding Networks
lf we ever gei io ihe point of chori ng o whole city or o whole

ncriion, we would hove on inlricole mcze of psycho ogicol

recrciions wh ch wou d preseni o piciure of o vost so or syslem

of iniongib e slruct!res, powerfuly lnfluencing conducl, os

grovitolion does bodies in spoce.

The grophic is no longer only ihe "represenioilon" of o flno

slmpiificoilon, lt ls o poini of deporture for lhe discovery of these

slmplificotlons ond the mecrns for thelr lLrsllflcoljon. The grophic

hos become, by lis manogeobi liy, on inslrumeni lor informoiion

processlng.

Neiworks ore everywhere. li is o sir!ciuro ond orgo

nizoiiono mode ihol pervodes o most every suhlect,

lrom q-n- 1. po'6r / 16r! froa .ocro .o1r.
lres io iransporiailon roules. This ubiquiious iopo ogy

L ihe obleci of siudy in neiwork ,clence, o new thriv

i€ disc pline oiming io uncover the inherenl princi

1es ond behovlore ihot reg!roie o vorieiy of noiurol

dd ortific o systems, normo y chcrocierlzed by o

multilude of inierconnecting eements. As on mporio.t

drlv ng {orce for understonding the complex connected-

n- of roderr .ori- r -. 
^o 

l .. e ." ho irn le or

opplicoiions in fle ds sLrch os physics, economics, bio ogy,

compuier science, soclo og, eco os, ond epidemio ogy.

A though ihe discip lnet consideroble exponslon occurred

only folr y recenrly, iis roois go bock to lhe first hc f of ihe

e ghteenth century.
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York Cily oi the oge of lhlriy six. The fo owlng yeats saw

Moreno become lncreosing y moiivoted by ihe prospecl of

visua y rep.ese.iing socio str!ciures, and seven yeors ofier

his o vo ln the Unlied Siotes, ot o conventlon of med crr

scho crs, Moreno presented one of h s mosr fomous cre

oiions lhe sociogrom. Moreio: sociogrom inirod\rced o

groph c represeftoi on of soclol lies between o gro,rp of

boys ond glr s f om one elementory schoo, mark ns ihe

beginnins of sociometry, which lorer come to be known os

sociol neiwork onolysis-o field of so.io ogy deolins wiih

rhe moppifg ond meosrring of reloilonshlps beiween peo

pe (eg., kinship, frlendship, common inieresis, finoncio

exchonse, sexro 
'elailonship$. 

The deo of o meosurob e

sociogrom become o dec slve iLrrning polni nihequonlio-

iive evollotion o{ on ind ' duo t ro e in o commLrniiy, but

it o so dernonsiroied, for the very fi6i i rne, ihe eniicing

power of ieiwork visuo zotion.

Moteno s neiwork deplciion was so copiivailng thoi

li wos p'iied if o 1933 orilce, "Emorons Mcpped by

New Geogrophy: Choris Seek io Porr'oy the Psycho ogicol

Cu"enis of Humon Reotlonships," n rhe New York Iimes.

The nove procrice merted rhe obe "psychologico geog

rophy" by ihe lo!rnolisi, who wos impressed with the dio'

grom presenled by Moreno: 'A mere s ofce oi ihe chort

shows rhe stronge hLrman cutrenis ihol fow in o direclons

from eoch individuo n the sroup iowo'd othe iidiv dLro s,

Irom group to grolp, ond from ihe enire g olp ioword

ihe lndividuo s Eoch grorp hos ils popLr or ond unpopu or

members, ond here ond there on ind viduol sionds ioi: y

o one, iso ated from lhe resi of the g'oup."6 The ort c e wcs

i lustroied wlih one of Moreno! sociosroms, which showed

iwo ndependent groups, boys ord gi'ls, cnd inks with n

eoch sroup ,:rnd between ihe groLrps. I3 3 "Wih ihese

chorrs," exploined Moreno, "we wil hove rhe opportL- -'

ro grosp rhe myriad neiv/orks of humon re oiions ond c'--:
some iime v ew ony port or poriion of ihe who e wh ci -:
moy desire ro 

'e 
oie or disiing!lsh "'z

A year oier Moreno exponded mony of hls ir.:
ideos in whol conre io be known os ihe poromouni wor< :-
sociomeiry, Who Shall Survive? A New Approoch ic --:

Problen of Hunan lntetelations 11934) Ihe work con': ,

som-. of lhe eor iest grophlco depicrions of soclol nelw:':
ond exposes Moreno's cppreciotlon for ihe power ol :-

ollzailon. rs 4 ln hls disco!'se, Moreno exp olns ihor '.:
soc ogronr is noi simpy o meihod of presenloiion b'' :
''method of exp oroiion.... li is ot presenl ihe on y ava .: :
scheme, which mokes n'uctLiro onoysis of o comm--

Conodion psycho og st Mory Norihwoy dedic: =:
olmosi ihree decodes of reseorch to the lopic of sociom: '

"- -ao'ingo.o o o ior-oo-e.
Toronio. Her book A Primer ofSociometry 11953) elobo': ::
on Mo -r o o rdo.io o "o L od.or.rr g

test cons sling olosking eoch peruon in o group whom -:'
would choose ro ossoc oie wlih fo' o parrlcLrlor ocriv 1 :-
eveni Wiih ihe resrts of the lnqulry, eoch pe60n 3. :
be oiiribuied a speciflc soc onreiric score bosed on -:
choices, depending on how mony people they sele:.::

ond how mony peop e se ecied lhem'These resu is ! .' .
- o-plo -o , 'o".o'do o. r

A {ew yeoru before A Pr'mer of Socior:

No*hwoy hod creody lnrroduced o new visuoiz.:-
technque, coled the torgei soclogrom 'J 5 r:. ':
method s composed of fo!r concenirlc ci'cles, cores..-:
ng lo different scoring o!tconres ln ihe oforement.-::
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sociomeir c iesi "Eoch circ e moy be used io represeni lhe

fou. quortl es or rhe four eve s of probobi iy, signifi.oni y

,:bove chonce, obo'e chonce, be ow chonce, ond sisnifi

caniy be ow chcnce "r' This woy, ihe mere p ocemeni of

nodes on o iorgei sociogrom smo triong es lor mo es

cnd smo circles for femo es could eosly porircy ihe lke

lihood of belng se ecied cmong the dl{fereni members ol

o comm!nliy while sii moinioining o high eve ofsrophjc

cloriry. lnspired by ihese deve opmenis, Doroihy McKenzie,

the supervlsor of ihe nursery schoo ot lhe lnst trte of Chl d

Siudy, o oboroiory schoo ond reseorch institrte oi ihe

Universliy of Toronlo where No*hwoy iought, desgned

ond consrrucied o torsei sociogrom bocrd. ts,'Modeed
on o chld! pegboord, rhls physico device o owed the

eosy mock.up of o iorger sociogranr by meons of movcb e

pess (siand is for nods) ond rubber bonds I nkoses), n

whot con be consldered o forerunner ol modern doy com

p!ierized, inlerocilve dep ciions

lr^ oi og op o- \' .o
Slnce rhese deveopmenh pioneered by Moreno

ond Norrhwoy, mony oiher reseorchere hove dedlcored

iheir ilme ond energy io ihe dep cilon of network dlogroms,

in.reoslngly through ihe use of computer softwore o go

'irhms. 
Todoy neiwork represeniorlon s commonLy p',rs!ed

under iwo moin o'e,rs: groph drcwlng (rnder groph iheory)

ond network visuc zorion (!nder informoiion vis!o lzoiionl.

n boih d sciplines gropA ls the preferred term to describe

ihe p cioriol depicl on of o neiwo.k ihro!gh o set of vertlces

{nodes) connected by edges { nksl Bui wh e sroph drow

ing, os lhe nome imp ies, deo s prlmorily with the math

enrailco drowing ofsrophs, neiwo'k visLro izorlon exiends

beyond rhe mere geomeir c consirLrci, emp oyjng e enren'

i:ry design princip es oimed oi an efficlenr ond conrp'e'

henslb e rep.esenioiion of the rorgeied sysiern.

Neiworks hove m!hpe nierpreiorions ond defi

iiions, LrsLrolly dependlng on ihe poriic!or dlscipline

responslb e for siudying the neiwork There ore o so numer

ors insghh ihoi con be exirocied hom ihese nrucilres:

Whoi ore ihe nodes doing? How ore they intero.iing? l-low

mony conneci ons do lhey hcve? Whoi cre rhey shoring?

This series of querles con eod to ihe ldenrlficoton of o

toxonomy, or ropo ogico tr!th, ofiheonayzed nelwork. n

ihis purs!il, neiworI v]s!olizoiion con be o remorkob e dls

covery iool, ob e io irons oie sirlcturo complexiiy nio peF

cepiiblevlsuo insights o nred oi o cleorer !nderstonding i

is ihro!gh ils p ctorio represenioiion ond lnteroctive ono y

sls ihol mode'n network vsuollzoiion gives ife to mony

strrctures h dden from hunron percepilon, providins us wlih

on orlg no "map" of the ter iory. Even though soclol net-

works (re ctionsh ps of friendshlp, k nship, collaborailon,

common inieresi) hove ihe ongest hislory of q!oniiorve

siudy ond ono ysis, neiwork vlsuo izotion exp ores n!mer

ous phenomeno, po'ilcu or y n rechno ogicol nelworks (rhe

Wor d Wlde Web, troin sysiems, a louies, power gridt,

knowedge networks lc ossilicoilon sysierns, informolon

exchonge, semoniic re otionships beiween concepts), ond

biologico neiworks (proteln inierociion nelworks, genetic

'es! 
oiory neiworks, neurol neiworks).

AhghylnfLrenrlo irodiiion for neiwork vis!o izo

iion, besides ihe inie ecrua egocy of s'oph theory ond the

receni odvoncemeni of compuier grophics, is cariogrophy

Fronr ihe oulsiondlng coniribuiion of Pio emy's Geogrophia

(Geosrophyl (co ls0 ADl, o mosi iwo mi ennio oso, ond

the noiob e mopmokers of rhe Ase of Exp o'orlon which



took ploce during ihe flfieenih, sixteenih, ond sevenieenth

ceniurles-lo the explosion of sloi sllco mopping' or "ihe

moilc mopplng," in the mid-nineteenih ceniury, ihe oncieni

heriioge of corlogroPhy provldes o rlch seiting for ihe

present deveopmeni of nelwork visuolizori"" The bond

beiweei bolh o.eos rnoy even be strengthened when hlsto

ridns exonr ne ihe c!rreni efforts mcnv decodes from now

Afier oll, ihis burst of innovotion, os neiwork visuoLizotion

embroces o mu iiiude of oitempis ot decoding complex svs

tems, resembles o new golden ose of coriogrophv ed bv

invisoroiins ospiroiions for knowledge Even ihoush we

feel the need to obel our conlemporory endecvors in net-

work visuo lzollon os o Lrnique cnd orlglnol procll€e' cor

iogrophy might slmp y incorporote ihen os on evoluiionory

step in lis ong prociice.

Coriosraphy hos commonly been used os o vehicle

for the depicton of vorlols obsiraci concepis and lmogi

nory p oces Nonelheless, iis roots ore in ihe represenioiion

of physlcol feoiures of ihe noilrrol envlronmeni: coosi ines,

rnoLrntoins, rive6, ciues, ond roods. Coriogrophy ls on i un

lrollon of the ionslble world-on obsirociion of lhe thing

iiself which iies bock io philosopher ALfred Korzvbski's

we .known expresslon lhot "the rnop is noi the territory."ir

Korzybski! o$eriion triggers on ageold concern ihor

equolly opplies ro nelwork visuolizaiion, worning ogoinsi

ihe disproporiionoie be ief in ihe trusiworihiness of certoii

rnops. Any system con be depicied ond lnierpreied ln mul-

llp e woys, ond o specific mop dellvers only one of monv

posslble 'lews. 
Bul neiwork visuo lzoiion ls olso lhe coriog

rophy of the lndlscernlble, depiciing intongible sirLrciures

rhol are lnvisible ond undeiected by ihe humon eve, from

ecceniric visuolizqiions ol ihe World Wide Web ro repre

senioiions of the broin's neurq neiwork nsomecoses, lhe

mops of lhese hidden sirLrciures ore the on y vlsuoL refer

ence we hove, consiituling lis own o iernoiive leriiory

There is o loi neiwofk visuo izoiion con eqm from

corrosrophy, poriic!lorly os on exemp ory ccse of hormoni-

ously combining science, oeslheiics, ond techniqLre A br ef

overvlew ofthe grommor of mop5 hlsh lghis ihe indubiroble

reloiionship beiween ihe iwo dlsciplines, os rnosi mops,

slmilor to nelwork represenioiions, enrpoy three bosic

iypes ofsrophicol morkers: oreos, line features, ond polni

feoiures.r'1 Noi on y ore thelr ing'edienls simlor, bui olso

mony of their ospiratlons. Mopmoking ond lhe "chcrllng"

of nerworks ore fundomento ly bornded by slmior sools of

simplfying, clorifylng, communicollng, exploring, record

ing, ond suppo'ilng.

So whoi ore ihe speclfic purposes of neiwork vlsu

ollzoilon? As o poientiol visuol decoder of complexiiv, ihe

prociice ls commonly drlven by five key frnciions: docu

ment, c or f, reveol, expcnd, ond obstroct.

Map o systenr ihat hos never been depicted before A result

of our inherent humon curlosiiy, this gool i5 ued to the most

onclenl corlogrophic ombliion: to pofroy o new unfomil

ior leffiiory. The mop of o poriicu or syslem con siimulole

lnieresi and oworeness of c subiect moiter while noturollv

openins ihe door for furiher dis€overies ond inierpreta

tlons. A key drive for mcny proiecls ls the prosPeci of docu

mentins ond recording the srrveyed siruci!re for posierior

Corly
Moke ihe sysiem more undeEiondob e, lnieligib e, and trons-

poreni. The ceniro obieclive in ih s coniexi is simplilicotion



io exp oin impofioni crspecis and c orjfy given oreos of ihe

system. By communlcoling ln a s mple, effective woy, the nei

work visuolizoiions become powelul meons for informoi on

processlng and undersiond jns.

Find o hidden poitern i. or explicli new insighi;nio ihe sys-

iem, or in oiher words, o po lshed gem of know edge from

o floi doio sei. The gool of reveo ins shou d concenirore on

cousolity by eoding the disc osu.e of unideniil ed .e aiton-

ships ond cofieloiions whie olso checking inito ossu'ip

iions and ceniro questions.

Serve os o vehlc e for oiher uses ond set the sioge for fuF

ther exploroiion. The subseq!renl exponsion mlghi re ore ro

the porrroyol of rnu ildlmens ona behoviots, or ihe depicted

sirlcr!re mighi sinrp y become o complerneniory port of o

lorge' work. ln this co.iexi, ihe neiwork s seen os ihe meons

ro or end, ihe under ying lcyer of oddii ono vis!olizoiio.s

obeio niegrole m! iivorloie doio sels Nodes ond edges

become rhe reffoin, in rhe some woy mony web-mcpping

services serve os rhe ifitiol our ine for furiher buildins and

Explore ihe nerworked schemo os o plotform for obstroci

representotion. Neiwork vlsuolizarlon con be o vehicle for

hyporheiicol ond metophorco expression, dep;ciins o

vor eiy of niongib e concepis ihoi mlghi noi even re y on

on existing dato set.

Prin c ipJes ol Nelworl Vlsuolizcrllon
The pursuii ol o r gorous c/o$ificotion of g'ophlco

meihods is not o coftemporary ombliioi A most one hun

dred yeors o9o, Wilord Brinion, in his ouisiondtns book

Glphic Methads far Presentins Fo./s ll9l4l, p!rsued o

much'needed roxonomy for o growtng disctp tne:

The ru es of grommor for ihe Erg sh onguoge

os wel os complex, ond there

o.e obout os mony erceprions qs there are

ru es. Yet we a I hy io fo ow rhe r! es lf sp te

ol ihelr nh cocies. The princlp es for c arorn

mar of grdphic presentorlon ore so s mp e ihot

o ,emo,kotrty smo number of ru es wou d be

suffic enr to g ve o univetsa ongloge. t is

i..-." t o o ..6 6 0.6 Po I

bi e o -ooo 016p-o-o- oe om,9

on internotlono lo.guoge, ike music, wfch
s now wriiien by such stondord methods ihoi

sheei music may be p ayed in ony couitryir

Ar ihe end of ihe book, he identjfies ihai "ihough

graphic presenioiions ore used to o very arge exienl iodoy,

ihere ore oi preseni no siondord ru es by which the penon

preporing o chori moy know ihoi he is fo ow ns good proc

iice This is unforiunoie L'ecouse I per11rits every one mok

ng o chorl io fo ow hls own sweel w "4 n response to

th s problem, he oui ines iwenryjive ru es, s mply descrtbed

os "slggesiions...unli such iime os definite ru es hove been

ogreed upon ond soncrioned by ouihoriiolive bodies."rJ From

brood guide lnes sussest ns o c ear chofi i le where no mis

nierpreloiion is po$ible, io defining o speclfic line ihlckness

Ior curve grophs, Brinlon s lsi is insighif! ond exireme y worih



reoding. He wos we I owore thor ii would ioke some iime for

ihe oppropriole bod es lo come tosether o.d conseni io o

sysiem of grophico roles obided by ol prociitioners.

Some llme hos poxed olmost o century io be

p.ecise ond we are sti os lor from ihoi lorget os Br nton

wos in 1914. ln foci, some mlght orgue thol ii is nol yei ihe

time for o fixed sei of norrns. Afier oll, one ol the ihrills of

being invoved in on emerglng fieid is ihe sense ihoi ii is

being def:ned wlth e'ery execuiion. Bui os ihe posi decode

wlinessed o meieoric rise in ihe visuol represeniotlon of

neiworks, i hos mode more pressing the need to reflect on

whot hos been done ond io propose woys io improve ir.

Not o readers of thls book will pursue thelr own

nerwork'vlsuolizoiion proiecis, bul for ihose who do, rhe

lo owlng lsi of eighi princjp es is meoni io en.oLrroge ond

suppori iheir endeovors. The first four ore orser univer

sol conslderollons ihoi, d!e io thelr brood ossessmeni, con

be opplied in o voriety ol srophicol represeniaiions. The

sLrbsequeni four encomposs detoiled princtpes, tockling

explicii chollenoes in lhe depiciion of neiworks

I Srorr w th o QLresi on

"Fle who is oshomed of osklns is ofroid of leornins"

is o fomous Donish proverb. A sreot quo iry for onyone

doing work in the reo m of vislro izoiion ls lnquisiiiveness.

Every proiecl should siori wilh on inq!iry lhoi eods io fuF

iher insights oboui ihe sysiem ond perhops onswer ques-

tions ihoi were nol o.iglnolly osked. This invest goiion nrighi

orise from o personol quesi or lhe specjfic needs of o c ieni

or oudience, but there should olwoys be o defined query

As Ben Fry stoies in his baok Visuolizing Data

(2008), "lhe t]rosi importont pori of understonding doio s

identifying the quesiion ihot you wont io onswer. Rqiher ihon

lhinking oboui ihe doio lhoi wos co lecied, lhink obout how

ii will be used ond work bockword io whai wos co ecied

You collecl dolo becouse you wont io know something

oboui ii. f you don'i reolly know why you're co eciins it,

you're iusi hoord ng il "16 li is on y from the prob em domoin

ihoi we con oscerioin ihot o loyoui moy be beiler s!rlied

ond eosier io undererond rhon orhers. The iniiiol quesiion

works os o yordsiick of your eflorls, consionily evoluotins

rhe effectiveness of yolrl proleci os o nreosure Ior noturolly

fi ierinq lhe esseniio hom ihe superf uous.

The definiiion of o question is vitol ond ties bock io

the need for c clecr purpose or goo in every execurion.

And somelimes, on inillol quesiion con eod to new compe

ling ones. This porrlculorly exploroiive poth is one of the

mosi engoging ond foscinoring iroirs of visuo lzoiion.

2 toot lor R--levoncy

Afier defning o centrol question, whot normoly

follows ls lhe quesi for re evoncy, which ocis os q con-

sioni ihreod lhroushout the proiecr. As Dcn Sperber ond

Deirdre Wilson exposed in iheir infuentlo Re/evdnce:

Cannunicotian ond Cognitian (1996), h'rmon cogniiion is

re evonce orienied: we poy otlenlion lo informotion lhot

seems re evont io us. This drives o noiLJrol expecioiion of

relevo.ce ln every oct of commLrnicotion. Someihing s

soid io be relevoni if ii serves os on effective meons to o
poriicu or purpose or, more speclficolly, i{ ii increoses ihe

likelihood of ochieving on underying goo . The meosure of

re evonce is iherefore primorily bosed on the inieni of ihe

proieci ond ihe volidouon of the initio question ihoi set il

forword. A cenrro responsibl iiy of visuo izoiion is io fu fill

ih s expecioiion in ihe mosi effori ess monner posslb e.



Lf lhe coniexl of visuoljzotion, relevo,rcy cotrres

inio p oce whe. seleciing iwo cenirol e ements: lhe sup'

poriing doia sei (coii€nil ond rhe subsequent vls!o iza-

iion lechniques lmeihod). Choosing ihe mosi re evoni doio

sei ls noturoly dependent on ihe gos of the execuiion,

bul opproprioieness does noi necessorily lrons oie inio o

dlreci corre oiion beiween doio ond purpose. Sometimes

we need io ook loterolly for o iernoiives in order io find

ihe conteni ihoi con mosi opproprloiely onswer o!r ques

iion. n ihe 2006 visuo zoiion Trccing the Visitot's Eye,

reseorcher ond compuier scieniisi Fobien Glrordln leveF

oged the rlch irnose bonk of F ickr lo rnop lhe nrost popu-

lor poths mode by iou.isis in Borcelona; in Just Londed

(2009) (see page 1501, disito orrlsr and desisner ler
Thorp ooked into lhe conieni of Twjtter messoges, porlicu

lor y ihose siorting wlih "iust londed in," to nroke o chort

of popuor trovel desiinoiions oround ihe word. These

exornp es i usirole ihe id osyncrotic noiLJre of ihis process,

recurrenily lnvolvlng o creoiive opprooch occeniuoted by

loterol ihinklng.

The selecllon of ihe mosi suitoble visuo izoiion

method for the proieci is orgely derermined by the cen

irol quesiion. However, ihis poriicuor qLresi is eq'roly

dependenl on lhe end usen, iheir mmedloie contexi ond

expressed needs. Acknow edglng the d ffereni coniexh of

use-when, where, ond how ihe fino execuuon wl be

used-is cr!cio ln the pursuii of re evoncy.

Lf the re evoncy roiio is high, ii con increose ihe

posslbiliry of comprehension, ossirnloiion, ond declsion

mok ng, becomins o fundonrentol siep ln ihe rransit on frorn

'' o-ro-;o- inro ' o-ledq' te g eoler -Le p o e. '9
elfori, ihe lower ihe relevofce. As lingulsiics professor E y

fcntidou exploins, 'A speoker oimins oi opiima re evonce

shou d try to formu ote her uiieronce in such o woy os io

spore ihe heorer groluilo!s processing efforl, so thoi ihe

firsl occeptoble inierpreloi on io occur io ihe heorer is ihe

one she intended io convey." 7

3. Encb e Mrlt r,: icie Ana y5 s

ln mony coses the depiction of o nelwork is seen os

o binory sysiem, where conneciions ore simply iurned on

ond otf lke ironsisiors in o cornp!ier Bul the ties among ele'

menis in o network are lmmensely rich ond deroiled, ond

ihe lnclusion of oddiiionol inlormollon con be fundomen-

io ln ihe Lrnveiling of mony of these nuonces. By embroc

ing comp emeniory doio sets oble io provide oddliiono

infornroiion on rhe nolure of nodes ond respect ve iies-ihe
systenr con eosily expose cousolity in potte.ns ond reloiion

ships, conrr burlng declsively to ihe holisiic undersiqndlns

of rhe depicted topology.

Let's suppose you ore creoiing q visuolizoiion of o

neiwork of rivers, where nodes iepreseni key locoiions

e.g., nelghborhoods, citles, disiricis, regions-croxed by

the differenl sireoms. Now imogine the unique richness of

one slngle sireom ond the number ol iis osciloiing vori

obles: coor ond iemperoilrre of woier, po urlon levels,

i des, cureni speed, ond widlh of streom bed, omong mony

oiher focers Such o mulrivorioie opprooch wou d be criii

co in ihe nierpreioiion of poriic! or behoviors ond poten

iio accidents, by deiermining, for lnsiqnce, ihe couses for

woier conlomlnoiion, o sudden b ockoge, or overfow. But

such cn offluent conlemp oiion is .oi unique to ih s sce

norio; li opp ies broad y io rnosl iypes of networks. Try io

ihlnk of how mony elemenls yoo co! d conside. when mop.

plng yoLrr own network of friends ond the lmmense quoli-

ioiive richness ihoi under les eoch indlvlduol reloiionship,



ond you mighr hove o beiter grosp of the imporionce of

inlegroiing mullivorioie dolo sets.

Mu iivorioie ono ysis is o prerequislre in o voriety

of ongoing scieniific endeovoE ihoi invo ve lhe interweov

ing of o vosl assorimeni of elemenis, ofd, os Bruce Moo

stoies in Mosslye Chdnge (200a), "When everyihing is con

necied io everyihing else, for beiier or worse, everyihing

moliers."rs ln ihe end, we ore m! iivoriole beings invo ved in

muii voriote octions inhobiiing o nruliivoriote wor d. "Neorly

o lhe inleresljng wor ds (phys co , bio ogicol, irnogtnory,

humor) we seek io urdersiond ore ineviiobly multivortoie in

noiure," e ucidoles sioiisiicion Edword Tufie rq As o ongtime

odvocoie ofihis princip e, Tuhe exploins in derol whyrhts

conslderoiion is vlia : "The onolysis of ccuse ond effect, ini-

iiolly b vorioie, quickly becomes nr! iivoriote rhrough s!ch

necessory eloborotions os the cond tions under which the

couso reloi ons holds, lnreracilon effects, mulrtp e ccuses,

riuhipe effecis, cousol sequences, sources of bios, spuri

ous corelaiions, sources of meosurement error, compeiing

voriob es, ond whether the olleged couse s mere y o proxy

or o morkel vorioble."?o

4 Embroce Tlme

Time I one of rhe hordesi voriob es io mop in ony

complex sysiern. li js olso one ol ihe rlchest lfweconsider
o sociol neiwork, we con quick y reollze ihoi o snopshoi

in time co. on y ie I us o bit of informotlon obou hoi com

muniiy A iernoiively, if iime were io be properly meosured

ond mopped, ii would provide !s wtih o comprehensive

undersionding of rhe socio groupt chonging dynomics

Oul of lhe existins ponoply of sociol-neiwork cno ysis tools

ovcioble, very few offer ihe obi ity to explore the neiwork

over iime, invesiigoie how lt exponds or shrinks, how relo-

tionships evolve, ond how ce*oin nodes become more o.
ess promineni. This, of course, should chons..

Neiworks ore evolving sysiems, consioniy muioiing

ond odopirng As physicisrs Mork Newmon, Alberi t6szl6

Borobi,si, ond DLrncon l. Woris exploin, "Mony nerworks

ore ihe produci ol dynomlcol processes thot odd or remove

veriices or edses... The iies people moke offeci ihe fornr

of the network, ond ihe form of ihe neiwork oflecis ihe iies

people moke Socio network siruciure iherefore evolves

in a hsiorlcoly dependenr monner, in which rhe role of

ihe poriiciponis ond ihe poiterns of behovior they follow

connot be ignored ",r ln some coses, rhe chonges do noi

loke weeks or monihs, but minures or hours. And ii is nor

only the neiwork thot odopts; whoteve. ts betng exchonged

within ihe system olso fluciuotes over tlme (e g , inforn,otion,

energ, woler, a virut
f we consider the vosi hldden neiworks thot susioin

our biosphere, we con iruly Lrndersiond how criiicol ihe

dirnension of tinre reolly is. After o , it is ihe portic!rorly

dynamic noture of inierconneciing ecosystems oround ihe

wor d ihoi poses one of the nrost difficLr I chollenges to

our endur ng effori io undeAtond ihe inrricocies of o!r
p oner. Even somethins seeming y os stoble os rhe humon

btoin is conlinuously odding or removlng synopses-the
connections beiween neurons-in o process ossocioied

wilh cogniiive eorfing. Noi io mention ihe iniernei, wiih
ils consroni f Lrx of informoiion ond vost londscope ofserv-
ers, frequenily odds or dlsconrecis mochines from the

network. And time onalysis does noi on y cover histori

co evol!iion; it equol y opp ies to reo iime dynonrics ond

oscillotions rs 8, Ig. 9
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But mopplng ume in ony neiwo'k, os complrier sci

enusr Choomei Chen recognizes, "is one of ihe iolghesi

cho enses for reseorch in lnformaiion iechno ogy . . It is]

iechnicoly cho lenglng os we os conceptua ly compex".z

Due to lhe extreme y demonding noiure of choriing the pos

soge of time w thln o neiwork, mosi sc eniists ond designers

--looo er e' . .e obo, r oooo o1, o1e, o '1.:l,)
of iheir execulions, which n port explalns rhe ock of proiecis

in this reo nr. There s no doubi thor when we enrbroce iime,

ihe dlffic! ry ofrhe iosk or hond increoses tenfo d, bui if vis!.

olizcion is to become c fundomentoltoo in neiwork discov

ery, ii needs io mol<e this subslonllo iump. Mosl neiworked

sysrems ore oflecred by ihe noluro prosre$ion ofiime, and

iheir depici on is neve' complete !nless ihls criiico dlnreision

becomes pori of ihe equotion r, l0

5 :n ch Yor Vccobr or,.

Whenever conslderlng ihe representoiion of o nei

work, there ore two vitol elemenrs io consider: nodes lver
rices) ond in[s (edger. Whie ihe 

'ecipe 
is s]mple enough,

these iwo essenllo lngredienis ore rorey used to iheirfull

esi potenii,r Us!ro y represenied by mere circles or squores

ond indlsiing!ishob e conneciins ines, nodes ond tnks ore

ioo ofien misireoted A conslderoilon of o fu spectrum of

visuol properiies-co or, shcpe, size, orieniation, iexiure,

vo ue, ond posiiion, os ouiined n locques Berllns lsi of

seven grophico oiirlbules fronr hls semino work Semloiogy

or GropA'cs (r984) con cnd shou d be lsed comprehen

sive, o woys reinforced by o spec fic semoniics ob e io
iie ihe differeni doio otiribules io cotresponding vsLro

Nodes ore ihe olorn c unirs of o groph, ihe obiects withjn

ihe sysiem. Insleod of being deplcied os ernpty squores o.
circles, ihey can be mode more inie gibewiihanoppro
priote use of co or ond grophlcol leoiures. They con o so

become responslve cnd p'ovlde mporlont coniextua infor

moiion ihrough ihe !rse of inierociive feotures. Most grophic

voriobles lsize, co or, shape, posirion) cof express ihe iype

ond prominence of o node, os wel os irs noi'rrol offoF

donces: s rhe node nierocrive? Does ii hove hidden ltnks?

Does it conioin oddii onol deioi/s? By embroclng inieroctiv

ily, there ls oiso o specrrum of periineni feoi!res to explore.

Nodes con expond or shr nk, show or hide re evoni tnfor
moilon, ond ! iinroie y morph occording io lhe user's criie

rlon ond inpui rrq ll, r, l2
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Erpress r-- edses

Edses ore conneciors in o groph cnd ore o viio eemenr

ln ony neiwork representoiion-withoui ihem nodes wou d

slmp y be ho low e emenis ln spoce. But edses con express

much more thon o single connecton beiween enlliies. For

e\e / eoro Lp b.".^ od-. r.re o" ir-rreo..
loyers of q!oniiloiive ond qus ilotive irformoiion pertoln-

jng io ihe noi!re of ihe connecrion le.g., geogrophico or

emoiiono proximity, frequency of comrn!rnlcoiion, duroiion

Cortogrophy is o greoi source for lnsplrollon when

exomining the poriroyo ofedges. ln o conveniionolcouniry

mop, o number of oxocioiions ore evident: two moior cliies

con be connected by o vorlety of line segnrenis primory

ond secondory roods, iroin irocks, r vers, ond q iernoiive

poihs-oll depicied in o unique, dlscernoble woy. rs 3 A

sinrior process co'r d be opp ied Ior neiwork vlsuolizotion.

The following fcctors shou d be consldered in visuolizins

edges: /engifi to suggesl o grodollon of vo ues, such os

physicol proximli, desree ol re oiionship, slrengih, simi-

oriry, or re oiedness; widil to express densiiy or iniensliy

of fow, or an o iernoiive grodoiion o{ vc ues; color lo dif-

fereniioie or hlghlighr poriicu or groups/ coiesories, ond

clusiers, or olternative, singulor connecions; shope lo

communicore ihe iype of relollonship le.g., fomily, friends,

coworkers). re lul, re 15, rs l6

C eo' vis'rlr ., rg !.,9e
One of lhe coveors behind rhe lmp emenrotion of diverse

grophico oiiribules is ro bewore o{ creoiing o visuol on"

suase ihot mjghi not be irnmedioie y recognlzed by ev-..y

one We con floiten oui ihe required eornlng curve by

simp y embrocins o widespreod coriogrophic iechnique: ihe

lesend. A mop legend is slmple, yei viiol, o iowing for o

qulck lnlerpreioilon ofihe vorious grophic componenh. This

prevo enl mopping prociice shou d be widely odopted by

network vlsuo lzqilo., moking the vocobulory inie liglble ond

faciiiotins on immediote undersiondlng of the finol piece

6 tipo5e Grouping

The obllty to showcose vorioiion in o depicied syn

lem is o cenirol oiiribuie of nelwork visuo izoiion. This con

be cchieved not on y by enriching ihe visuo vocobu ory but

o so by exp oring ihe poieniiolit es of spoiio orongement.

Spoiiol relollonships ore os iirporioni os exp icit visuol ties

ond ore o criiicol e emeni in exposins conirosi ond simi-

loriiy. The concepi of grouping ls porticulorly ssnificoni

in ih s coniexi, o lowjng for ihe improved opprehension of

c Lrsiers, is onds, prornlneni polierns, ond ihe genero distri-

bLriion of nodes ond nks. Ihe idea of sroupins is simp y

io combine severol uniis of lnformollon inro reloied chunks

in order to reinlorce relouonships, reduce complexiiy, ond

Grouping con be punued with o vorleiy of crlie-

rio in mind, uilmoiely depending on ihe ceniro gool of

the execution But ln rnosi coses, elemenis con be grouped

in five distinci woys: o phobeiico y, by ilme, by ocorion,

by a poriic! or conilnuum (or scole), ond by o specified

coteqory le.s., lmoses, videos, text). This proced!re, firsi

proposed by Richord Sou Wurmcn in lnfamatian Anxiety

(2000), ls known os ihe five hoi rocks, ond ii delivers on

effeciive woy io orgonize mosi fypes of informoiion.

Another remorkob e source of know edge on

the noiion of s'oupins comes from Gesto t psychology.

Emerging in ihe eorly iweniielh ceniLfy, by ihe honds of

promifent psycholosists Mox Wertheinrer, Kori Koffko, ond
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L::r. _t II r; l!

Wo fgong Koh er, Gestolr psycho ogy wos o serlo!s oriernpt

ol comprehendlns our perceprion of vlsuol patierns. Some

o - -..lt oe o ar a-\b po

ionce to mosi forms of vlsLrol communicotion. Of poriicu or

relevonce ore ihe devised ru es ol perceptuo orgonizolion,

o so known os Gesto t lows of grouplng, which, by exploin-

ing how peope perceive o we-orgonzed poiiern, con

eosiy irons oie inio concise design princip es. Three of the

Gesio i iows ,lmioriiy, proximity, ond conrmon foie-ore

pori culorly imporiont ru es ln exposlng groups in neiwork

L.s oi 5im !r it/ 19'lrph .o I e! fl.rtl
The ow of siml orily osserls ihat e emenis ihai ore slmilor

eiih€r in ierms of color, shope, or size-,:re Perceived io be

more reloled thon elernenis ihot ore dlssim or This Gesio i

princ p e hlgh ighis lhe need for o dlfferentloted grophlcol

vocobuory ln rhe deplciion of node, os o critco rneo'

sr.rre for spotting similoriiies ond differences ond in order to

opprehend the overoll disi.lburion wlihin rhe sysiem.

to', ol pror n, ry lspoi o o,,!r!eneril
The ow of proxlmity sloies lhoi eemenis ihoi cre close

iogeiher ore perceived os being more re oled lhon e emenh

ihoi ore foriher opori This organizing p'incip e Proves thoi

reoredness is noi ony expressed by grophlcol proper

lles but olso by spoilo proxinrliy. The mere pccemenr ol

homo ogous nodes closer ro eoch oiher suggesis lnherenr

re oiionshlps noi sole y monifesred by edges (lnks).

tcr, ri common Isre lmor onl

The ow of common fqie proc oims ihoi elemenls ihol move

siirLrlioneously in ihe some direciion ond ot ihe some speed

or-. percelved os being nrore re oied lhon elemenls ihot ore

sioiionory or ihai move n differeni direcions. Thl5 nolion

ls poriicu or y perllnenl when irylng ro hlgh ight conirasi

rhroLrsh oniiroiion (e.g, depiciing ihe chonsing dynomics

of o nerwork over 
'lmel.

Z iir!):lr ze S.o lril
One of rhe b ggesi misconcepilons in neiwork v s!-

o lzolion is ihe notion thoi o representotion lhol works ai

one sco e wil olso work or c orger or smo ler sco e This

scollng follccy s o fundomentol couse for mony m sguided

prolecis. Noi only do networks showcose dlfferent por

lerns and behovlors ol different sco es, blri olso ihe user's

needs vory dependlns on h s or her porilcular positlon wiih

respeci io ihe nerwork. When represeniing o nelwo'k, ii

is imporioni to consjder ihree {undonrenio vlews in line

wlih a speclfic meihod of ono ysis: mocro vlew, re oriofship

vlew ond m cro vlew I, l/

I.i..,. r ei! ip!iiernl
A we.execured mocro view does noi have ro provide o

detoiled undeaionding of lndlvldto lnks, ond less so of

lndlvlduol nodes. li shou d provide o bird's-eye vew inio

ihe networl ond h]ghlishi cerioln c usiers, os we I os iso

oied groups, wiihin is slructure As ihe common enlry

polnl io o po'licu ar represeniotion, ii needs io fociliioie on

undealonding of ihe neiworkt iopoogy, the slruci!re of

the group os o whole, bui not necessoriy of iis consiiiuent

poris ln rnosi coses, lhe use of co or lwlih n nodes or edget

ond re evoni posliionins (group ng) is enough to provlde

meoninslu ns ght lnto the network s brood orgonizoiion

t117
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ReLoiionsh p view lconnecilvii/l
The reloiionship view is concerned wlih on effeciive ono v

sis ofthe types ol relollonships omong the mopPed eniiiles

(nodesl. li not on y indlcoies the exisience of 'o'neciions
bur olso offeru furlher revelotion, such as proximirv beiween

the nodes, ond iype ond iniensiry of ossocloiion This is o

fundomentol view of neiwork vlsLrolizaiion ond normolv

requires o.oysis lrom diftereni Perspecuves or polnis ol

vlew in order io obioin o solld grosp of the differenr topolo

gies. While the rnoin concern ln ihe mocro view i5 svnihesis

{io srosp ihe whole wlih one lookl' ihe reloilonship vlew

is oboui onolyucs {io efficlenry dismonile ihe svsiem ond

dlscover ihe lnierconneciions belween rhe porisl

L i.ro vicw I nr] r drc nole;l
The osi oyer of insighi provided bv on effi'ient neiwork

visuo lzoiion relotes io the disclosure of on individuol nodet

quo ilot ve oitr buies A micro view lnio the nerwork should

be comprehens ve ond expLicii, Providing deloi ed lnformo

tion, focis, ond chorocietislics on o single-node eniilv Th s

quolitotive exposure helps c orify lhe reosons behlnd ihe

overoll conneclivliy Poitern, frorn on iso oied node io one

high y connected to o lorge number ot other nodes

A successfu neiwork visua zoiion does noi hove io

possess oll three vlews, bur the more questlons it is oble io

onswer, ihe more succes+uL li will be. f o representoiion

foclses exc usive y view, ii con sti provlde

reLevonl inslghis into o network's iopolosv, but bv leov ng

oui the other two views, il is neglectng o sei of possible

onswers. The ihree views olso shope o noturol coniinuum of

processlng, where lhe increqsing deioi of informoilon, from

mo ro lo ai ro .o l oe o ' i" o r eo" '' ror eo oning

8 Ii\onage ntricocY

Even though rhe three moin views for neiwork visuo -

izotion qppeor to be outonomous, il is lrnperoiive ihoi Lrsers

ore oble to novigote beiween ihem efforl ess, ln o seom

ex woyfinding opprooch Ben Schneldermons renowned

visuol lnformoilon-seeklng rnoniro is o greai ploce io siort

Proposed in his reminol Poper "The Eves H've lir A Tosk

by Doio Type Toxonomy for Inforniotion VisLrd lzoiions"

(19961, the monrro reods os follows: "Overvlew firsi, zoom

on.l filier, lhen deiols on denrond "'?s lhis opporenilv obvi

ous rule, insiincluolly procilced by differeni design proct-

lloners, even ihose unfoml ior wiih Schneidermon's moniro,

is on excellenl sirolegy for neiwork visuo iz'tion As corn

prter scleniist Riccordo Mszzo exploins, "Lt is necessory io

provide o g obol overview ol ihe eniire colecrlon of doio

so ihoi users goin on Lrndersionding of ihe eniire doto sel,

then users moy flier ihe doto lo focus on o sPecific Pori of

porticulor lnieresi."'?a

Underyins Schneldermon's moxim is ihe noiion of

progressive disclosrre o wldespreod lnierocllon design

lechniq!e oimlng oi simplficoton ihai ollows oddiiiono

conieni ond oPrlons io be reveoLed groduollv, os needed'

io lhe user. This lechniq!re is poriicu or y relevonl lf we con

sider Hickt tow, pui forlh by psychologisr Wl llom Edmund

Hick, which sioies thai ihe time required io moke o decision

increoses as ihe number of voriob es increoses Alluding io

ihe risk of dlsp oyins o full, convoluted neiwork ot once in

one sinsle vlew, Hickt Low ls an lnrPorioni Polni of owore-

ness of the percepruoL lmiis of neiwork v s!rolizollon' Even

ihough oiher meihods con cnd shor d be devised, there ore

ihree irnporioni concepis ihoi con he p minlmize inirlcocy

ond unlfy the ihree views of neiwork visuolizoiion
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Adoprive zooming

Thls wide y used modern cortogrophic lechn que-slronslv

iied wlih ihe.oilon of progressive disclosure-enobles the

syslem to render o dlffereni sel of vlsuol elemenrs depend-

ing on the preseni zooming view' An inierociive web mop'

ror e^o-pe. tvo.o'/ ro t. ^i 
_ egio_o've^ o /o

zoon - n ore dero edeene-isoogre

mory roods, secondory roods' rood nomes' ond poinh of

lnieresi. A simlor method cou d be emploved ln the depic-

iion of neiworks, by focuslng on o grodotlon hom mocro

view io ml€ro vlew, showlng the most Prominenl nodes first'

ond then slowly disclosing oddltionol grophic" ond textuol

e emenis: moior hubs ond prlmorv Links, lobels' secondorv

nodes ond links, leriiory nodes, ond so on' rg l8

Overview ond del,r I

A cornmon lnieroclion-design technique, seen in o vorieiy

of coniemporory rnopPing too s, overview ond deioil usu-

olly comprises o primqry viewing oreo {deloill ihoi ollows

for diflerenr levels of zoom, occomponled bv o smoller

mocrc view {overvrew), which permits lsers ro see where

ihey ore in the genero conlexi This is porliculorly relevonl

jn reossuring users ihey ore free io novigole the system

wlihoui geiiing osi fs l9

FocLrs aid coniexr

Thls wide y used informcrtion-vis!o lzotion concept is one of

the field s sirongesi contribuiions ond iis rnosi studied lech

niqLre. li sim! ioneousLy provides o detoiLed vlew {focu'

ond o mccro vlew (conlext) wlihin o slngle confislrollon

Populorized by ihe widespreod fish eve view' rhis rneihod

merges boih views ln ihe some spoce wilhout lhe need io

6n!ttcP. alaiitr. t .ni!t. )N I

.!i.f Ei,,l !.p! llc, dl.ilrer

"r'.1.d,.2r.",3 i.J5P.re.

".rmd,,i 
rl. !:: cr J lletr" r,o"'q

d. oip,l !o.j Lnr.tr:..!. i.:,.

-,'".. ",..1,.ir . q,h.'1".,15 ."



te 2A

Mo,rz !rel.,e, Org.ii. thl N.rrcl

i, l9
anlphnorr=n"e2r0.

,\i ii:,..iv€ frley.!.a of D.l.r.r
oid DA|-nhe : rislode.5ri,nr o/

Hrr,.D tua\.leSse rhn F,. ed trole5

sEd he !la! , o!:rdv u!l.l!r.i

{L-

A, ei.mp e.lrhe i.. .id .onarr
re.fiq!e, h qh.l $e c.r!.red io.lej
kb*r de s Ei eDdr eomira.e
ten 0E is h:ize wr e rire

e[,o ne p:, phe,y



D-..i ! .le n. ls

segregoie ihem. Th s is usuo ly ochleved by en orging the

deioied vlew ihe use/s focus of otteniion-while leoving

ihe oiher nodes ond edges io the periphery. t, 2{J

On the Princip es
The moin premlse of the prev ous isi of principles

is ihqi neiworks ore very difficuh to vlsuolize, bui we do

noi need io moke ihem more complex in lhe process of try-

lng. Grophs ore, os of iodoy, the mosi suitoble meihod for

the deplcrion o{ networks d!e lo iheir lntrinsic orgonizotion

bosed on nodes ond lnks, bui they ore for hom perfect.

Mony of the cuffeni limitot jons-sLrch os reso ullon ond

screen size con q!icky eod to c utiered ond indecipher-

oble disploys. Ihls drowbock, poired wilh c ong-exisiing

emphosis on process roiher thon ouicome, expoins the

chollenging stoie of offolrs in network visuo lzoiion. Even

ihough the fie d hos irodiiionolly p oced o slrong empho

sis on molhemoiics ond the generoiion of computer olgo-

riihms, these ore merely o meons ro on end. The end should

o woys be o useful deplciion oble lo fulfl lis mosi fundo-

mentol promlse of comm!nicoiing relevoni lnforrnoiion.

f someiimes on inirlcoie oulcome con

siderobLe oppeo, it mighi equo y roise criiicol issues of

clorlry ond funciion. The odopiion oflnierocilve iechniques

solves some bui noi o I of rhe problems. ln order lor ihe gen

erol usobilily of neiwork visuolizqfion io improve, we need

io embroce ihe exisllns body of know edge from grophic

design, coriosrophy, ond vlsuol percepiion, incuding

notions ol coor iheory composiiion, iypogrophy, oyout,

ond spoiiol orrongemeni. The oim is nol io merely creoie on

o sorjthm copob e of sustolning coplo!s omounis of nodes

ond lnks, bui o so io se eci ihe rnosi opproprioie scheme

bosed on we founded design principes ond opproPriole

inierqciive meihods.

The eighi princip es exposed ln ihis chopter ore not

meonl io be restrictive bui generotive. They ore meoni io

insplre ond influence cuffeni prociiiionere ond io be the

bosls for further sludy ond exploroiion, superseding mony

of the fieldt limiioilons. There is siill o greqi omouni of work

lo be done in nelwork visuo izoiion, but we con colleciiveLy

lmprove ii, srep by siep, node by node.
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